Purpose: To compare the prophylactic effects of postoperative continuous positive airway pressure (CPAP) therapy plus conventional postoperatively pulmonary physiotherapy (CPP) and postoperative CPP alone on the development of pulmonary atelectasis after laparoscopic Roux-en-Y gastric bypass (LGBP) in obese patients. Materials and Methods: Patients with BMIs＞27.5 kg/m 2 aged between 20 and 65 years were enrolled in the present study. All subjects received LGBP and were divided into 2 groups. Patients in the CPAP group received both CPAP and CPP therapy postoperatively, and patients in the conventional group received CPP alone. The primary outcome was the incidence of postoperative pulmonary atelectasis as determined by chest X-ray after LGBP, and the secondary outcome was duration of postoperative hospital stay (HS). Results: Seventy-three patients were enrolled in this study. Fifty-seven patients received CPAP plus CPP, and 16 patients received CPP. The CPAP group had an atelectasis incidence of 40.4% (23/57) and the conventional group an incidence of 62.5% (10/16). Multivariate analysis showed the incidence of atelectasis after LGBP was significantly lower in the CPAP group (OR 0.198, 95% CI 0.045-0.874; P=0.033) and that HS was significantly correlated with the developments of atelectasis, pneumonia, and complications (partial correlation coefficients 0.271, 0.444 and 0.382; P-values 0.025, ＜0.05 and ＜0.05, respectively). Conclusion: Patients that received continuous positive airway pressure therapy plus conventional pulmonary physiotherapy postoperatively were at significantly less risk of developing pulmonary atelectasis after LGBP than patients that received conventional pulmonary physiotherapy postoperatively.
INTRODUCTION
Anesthetic procedures sometimes cause postoperative pulmonary complications (PPCs) that may lead to other severe complications, and thus, surgical patients are at a risk of developing PPCs postoperatively. PPCs are a spectrum of pulmonary diseases and include pulmonary atelectasis, pneumonia, exacerbation of previous chronic lung disease, acute respiratory distress syndrome, and respiratory failure [1] , and also increase the incidence of morbidity and hospital stays (HSs) [1] . In fact, patients that develop respiratory failure postoperatively have a 30-day mortality rate of 20% [1] . PPCs are a common and serious problem, and thus, surgeons continue to try to prevent them after general anesthesia, and this is especially true of atelectasis because it can be the initial manifestation of PPCs [1] .
Obesity is a risk factor of PPCs due to changes in physiologic status, such as the increased effort required to breathe, reduced pulmonary function (total lung capacity, functional residual capacity (FRC), and vital capacity (VC), and hypoxemia and hypercapnia [2] . Furthermore, reduced FRC leads to atelectasis resulting in severe PPCs, such as pneumonia and respiratory failure [3] .
It has been established that obstructive sleep apnea syndrome (OSAS) is a potential cause of pulmonary dysfunction and respiratory failure in obese patients [1] .
However, few studies have investigated the prevalence of atelectasis after bariatric surgery. According to a study on patients suffering from obstructive sleep apnea syndrome (OSAS), the prevalence of atelectasis diagnosed by chest radiography after bariatric surgery was 17% [4] .
Many prophylactic lung expansion methods have been developed to prevent PPCs, such as incentive spirometry, chest physical therapies involving deep breathing, coughing, and limb movements, and non-invasive intermittent or continuous positive airway pressure (CPAP) therapy [5] . The beneficial effects of pulmonary physical therapy on pulmonary function and on the prevention of pulmonary complications has been demonstrated in several clinical studies [6] .
CPAP is a noninvasive pressure therapy that delivers constant pressure during inspiration and expiration and has been demonstrated to improve oxygenation and reduce atelectasis after abdominal surgery [7] . Furthermore, CPAP treatment after abdominal surgery has been shown to achieve higher FRCs than pulmonary physiotherapy based on coughing and deep breathing and to be associated with a lower incidence of atelectasis during the first 72 postoperative hours than pulmonary physiotherapy or incentive spirometry (23% vs. 42% and 41%, respectively) [7] .
The purpose of this study was to compare the abilities of CPAP plus conventional pulmonary physiotherapy (CPP) and of CPP to prevent pulmonary atelectasis after laparoscopic Roux-en-Y gastric bypass (LGBP) in obese patients. In addition, we sought to identify factors that increase postoperative hospital stays (HSs).
MATERIALS AND METHODS

Patients
This retrospective study was conducted on 73 obese Table 1 ).
The study was approved beforehand by our institutional review board (INHAUH 2017-10-013).
Procedures
All patients were assessed preoperatively by chest X-ray and by measuring pulmonary functions. Pulmonary function testing (PFT) was conducted using Elite DX and CPFS/D (Medgraphics, St. Paul, Minnesota, USA). One surgeon conducted LGBP in all patients under general anesthesia in a routine manner.
After LGBP, all subjects received CPP based on deep breathing, coughing, and limb moving for pulmonary atelectasis prophylaxis. Members of the CPAP group received CPAP immediately after surgery until discharge in addition to CPP.
1) Continuous positive airway pressure (CPAP)
treatment CPAP therapy provides a constant pressure throughout inspiration and expiration to the respiratory tracts of spontaneously breathing people and requires that various types of masks be applied over the nose or mouth. The goal of this technique is to prevent postoperative complications and to improve the oxygenation, especially in smokers and obese people [8] .
Indications for CPAP treatment were as follows: an apnea-hypopnea index (AHI) of ＞15 or an AHI of ＞5 with symptoms of sleep apnea [9] . Patients were provided CPAP temporarily for 2 weeks before LGBP to determine the appropriate pressure setting for each patient. The initial which involved application of the prescribed pressure during inspiration but a pressure lower than prescribed pressure during expiration [10] .
Voluntary respiratory motion is generally limited by postoperative pain and resulting lung volume reductions increase the risk of pulmonary atelectasis [2] . To minimize the effect of pain, all participants received intravenous medication when pain was rated at over 4 using a Numeric
Rating Scale (NRS), and patient-controlled analgesia (PCA)
was also provided if a patient required more powerful pain control [11] ; 66 patients (90.4%) were allowed PCA in addition to intravenous medication.
All patients were re-evaluated by chest X-ray on the third postoperative day, and if necessary, every other day thereafter. Chest radiographs were reviewed by an experimental radiologic physician unaware of the treatment being received.
Outcome measurements
The primary outcome measure was the incidence of atelectasis as determined by chest X-ray after LGBP.
Atelectasis can be evaluated using pulmonary symptoms, signs, postoperative pulmonary functions, and by chest X-ray and/or computed tomography (CT) of the lungs [12] .
We considered chest X-ray an objective diagnostic measure because CT was not routinely performed and because of the subjective natures of symptoms and signs.
No patient underwent a chest CT scan or PFT after the operation, because these modalities were performed only when there was some evidence of a serious complication.
Chest radiographs were evaluated by an experimental radiologic physician unaware of patient group identities.
Atelectasis was evaluated by chest X-ray [13] , and defined as the presence of; 1) crowded pulmonary vessels and bronchi in an atelectatic lesion; 2) displacement of interlobar fissures toward an atelectatic lesion; 3)
opacification of an atelectatic lesion; 4) upward displacement of the diaphragm; 5) compensatory overexpansion of the unaffected lung; and 6) when severe, as displacement of thoracic structures, such as trachea, heart, and mediastinum.
Statistical analysis
Data was analyzed using SPSS Ver. 20 (SPSS Inc., Chicago, IL, USA). Data normality was verified using the had an AHI of ＜15 without symptoms of OSAS), 6 patients refused CPAP, and 3 patients refused attended full night polysomnography.
The only significant difference observed between the characteristics of patients in the CPAP and conventional groups was the severity of obstructive sleep apnea syndrome (OSAS; P＜0.05), as determined by polysomnography. Mean BMI was higher in the CPAP group, but not significantly so (P=0.111), and mean anesthetic time and HS were non-significantly shorter in the CPAP group (P=0.060 and 0.055, respectively).
Atelectasis
Thirty-three of the 73 study subjects (45.2%) experienced postoperative pulmonary atelectasis after LGBP. The incidences of pulmonary atelectasis in the CPAP and conventional groups were 40.4% (23/57) and 62.5%
(10/16), respectively (Table 1) . In multivariate analysis, statistical significance should be Table 3) independently predicted atelectasis development.
Durations of postoperative hospital stays
Univariate analysis showed HS was significantly associated with the incidence of pneumonia (rho 0.325, P=0.005) and overall complications (rho 0.428, P＜0.05; Table 4 Table 5) .
DISCUSSION
In 1991, the National Institute of Health Consensus Development Panel concluded bariatric surgery provides an effective and acceptable treatment for morbidly obese patients [14] . Bariatric surgery involves modification of gastrointestinal tract anatomy to cause gastric restriction and/or nutrient mal-absorption, and it has been shown
LGBP provides durable weight loss for up to 20 years and reduces overall mortality [15] .
PPCs constitute a pulmonary disease spectrum that includes atelectasis, pneumonia, respiratory failure, and prolonged mechanical ventilation and are a common, serious problem [1] . For this reason, many studies have been undertaken to identify PPC risk factors, and to reduce their incidences, especially that of atelectasis, after general anesthesia [1] .
After upper abdominal surgery, multiple factors, such as FRC, VC, anesthetic agents, neuromuscular blocking agents, postoperative analgesics, pain, increased intra-abdominal pressure, and greater inflammatory response, restrict pulmonary function [16] .
During anesthetic procedures, unusual patient positioning increases ventilation to perfusion ratio mismatch and alters pulmonary blood distribution, which results in increased alveolar dead space (DS) [16] , and it has been shown pulmonary function deterioration and increased alveolar DS lower ERV and increase the incidence of pulmonary atelectasis [16] .
Before commencing this study, we believed anesthetic time would probably be associated with a higher incidence of atelectasis. However, the mean anesthetic times of patients that developed or did not develop postoperative *Seventy-one patients were evaluated for symptoms; the medical records of 2 patients in the atelectasis free group were incomplete and excluded from the analysis. **Fever was diagnosed when body temperature was ≥38.0 o C during the three days after surgery. ***Leukocytosis was diagnosed when the white blood cell count was ≥10,000/μL during the 3 days after surgery. atelectasis were 240.4 min±51.02 and 273.8 min±121.01, respectively, which were not significantly different (P=0.150).
Obese patients are at greater risk of PPCs, and in a previous study, a BMI ≥27 kg/m 2 was found to predict PPC development independently [17] . In another study, it was suggested diminished lung volumes, caused by excessive abdominal fat, anesthetic procedures, and postoperative pain, may have caused prolonged reductions in lung volumes and capacities and led to postoperative complications [18] . Actually, it has been reported that after operations, FRC values are less than 50% of normal in obese patients [18] .
To prevent postoperative pulmonary changes, it was recommended; (1) pain-induced reflexes should be blocked and that (2) intensive physiotherapy and (3) postoperative CPAP be implemented [5, 19] . CPAP therapy applies constant positive pressure to airways during inspiration and expiration, re-expands collapsed alveoli, and may normalize postoperative FRC and VC values, which if left unchecked may diminish pulmonary function [20] . Furthermore, CPAP therapy may improve pulmonary ventilation and gas exchange and prevent the developments of pulmonary atelectasis and PPCs [21] .
Pulmonary atelectasis-related symptoms, that is, fever, cough, shortness of breath, tachypnea, and chest pain, have weak diagnostic values because they are nonspecific, subjective, and depend on patient condition [22] . In the present study, 23 (32.4%) of the study subjects had atelectasis-related symptoms up to the third postoperative day; 13 experienced excessive sputum production, 7 dyspnea, 2 headache, and one chest discomfort. However, no significant relationship was observed between these symptoms and the development of pulmonary atelectasis.
We consider fever and leukocytosis incomplete factors in terms of diagnosing pulmonary atelectasis. Thirty-five of our study subjects (47.9%) had a fever (body temperature of patients received conventional pulmonary physiotherapy, and 2) Only 11 complications occurred and complication rates were similar in the CPAP and CPP groups. Therefore, we defined the secondary endpoint as duration of HS.
The study also showed HSs were correlated with the developments of pulmonary atelectasis, pneumonia, and postoperative complications (r 0.271, 0.444, and 0.382, respectively; P＜0.05; Table 5 ), which concurs with a significant relation observed between postoperative complications and HSs after abdominal surgery in a previous study [23] .
Based on the results of the present study, we suggest CPAP therapy after LGBP offers a preventive strategy for postoperative atelectasis and recommend that clinicians evaluate risk factors of complications preoperatively, reduce procedure-related factors, detect postoperative complications at the earliest opportunity, and treat complications properly [24] .
Several limitations of this study warrant consideration.
First, it was inevitably limited by its retrospective nature. In particular, patient allocations to the two study groups were subject to selection bias. However, the study shows atelectasis, pneumonia, and complications were less frequent in the CPAP group, members of which were considered to be at high risk of pulmonary complications.
It is impossible to deny the results although the composition of patients in the conventional pulmonary physiotherapy group is diverse and the number of patients is limited.
Second, the number of patients enrolled was relatively small, and thus, our results cannot properly represent the general population. Furthermore, because only 33 patients developed pulmonary atelectasis, the multivariate logistic analysis was underpowered. In addition, few postoperative complications (n=11, 15.1%) occurred, and thus, it was not possible to access risk factors of postoperative complications or to statistically investigate relations between CPAP, atelectasis, and complications.
Third, the absence of a standard diagnostic definition for pulmonary atelectasis constitutes another limitation.
Atelectasis is diagnosed based on considerations of pulmonary symptoms, signs, postoperative pulmonary functions, and chest X-ray and/or pulmonary CT findings [2, 12] . As explained above, we decided to evaluate the development of atelectasis using chest radiographs.
Unfortunately, this could not be performed using PFT and CT results because tests were not conducted on a routine basis. Accordingly, diagnostic differences between our study and previous studies that used CT and PFT may have resulted in a higher reported incidence of atelectasis (45.2% vs. 37.84% and 13.49%) [4, 25] .
A fourth limitation involved the difference between predicted efficacy of CPAP treatment and actual efficacy.
Compliance with CPAP therapy has been reported to range from 46.6 to 86% [26] [27] [28] [29] [30] , and thus, compliance with CPAP, which was not evaluated in the present study, may have affected our results. Actually, 4 of the 6 patients (66.7%) that refused CPAP developed atelectasis.
Summarizing, the present study shows CPAP is a useful modality for preventing pulmonary atelectasis after LGBP in obese patients. The study also shows low preoperative ERV predicts the development of pulmonary atelectasis and that efforts to reduce postoperative complications, including atelectasis, may reduce hospital stays.
